The objective of this study was to develop nonsurgical methods of embryo collection and transfer in domestic rabbits (Oryctolagus cuniculus) 
Introduction
Embryo transfer technology has enhanced the reproductive potential of several livestock species and has the potential for aiding in the assisted reproduction of wild mammals, particularly for the captive propagation of rare or endangered species (Wildt et ah, 1986) . The most extensive application of embryo transfer has been in large domestic animals in which manual manipulation of the transcervical catheters used for embryo collection and transfer is possible (Seidel, 1981;  Anderson, 1983; Foote, 1987) . Embryo transfer was first accomplished in domestic rabbits (Heape, 1890) . Since that time, embryo transfer in rabbits has contributed greatly to studies that have advanced our knowledge of reproductive and developmental biology (Adams, 1982) .
A variety of surgical methods have been used to collect and transfer embryos in the rabbit (Pincus and Enzmann, 1932; Chang, 1950; Adams, 1962; Hafez, 1962; Maurer et ah, 1968; Yang and Foote, 1987) . Transcervical transfer of embryos was accomplished by surgically accessing the cervices through the vaginal wall (Adams, 1956; Dauzier, 1962; Testart, 1969) .
The major limitation to development of embryo transfer technology in most mammals is the difficulty in traversing the cervix. Surgical intervention can overcome this problem, but invasive procedures can cause tissue adhesions and other surgical complications that may limit future embryo recovery and compromise the ability of an animal to reproduce naturally. These risks are particularly important considerations when working with rare or endangered species. Torres and Sevellec (1987) have documented the detrimental effects of repeated surgical recoveries of embryos on the fertility of the donors. Wildt and Goodrowe (1989) suggest that extremely careful surgical procedures may allow 2-A embryo recovery operations before tissue adhesions would be inhibitory.
Laparoscopie procedures, which require minor abdominal surgery, have been developed for application to mammals that are too small for transcervical embryo transfer (Dukelow, 1971; Wildt, 1980; Wildt et ah, 1986) . embryos (Hurlbut et ah, 1988) and to transfer embryos (Swanson and Godke, 1994) . A nonsurgical approach has been used with some success to collect embryos expelled into the vagina in domestic rabbits after administration of various hormone regimens (Tsutsumi et ah, 1976; Takeda et ah, 1977 Takeda et ah, ,1979 Tsutsumi et ah, 1979; Gajda et ah, 1988) . The objectives of this study were: (1) to develop a system using fibre optic endoscopy that would allow nonsurgical catheterization of the rabbit and ferret cervices; (2) (Fig. lb) .
The tubing was slowly withdrawn from the cervix, while the catheter was simultaneously advanced (Fig. lc) (Kidder, 1998) for a photograph of the catheter.
The speculum (Fig. 2) (Fig. 2) . The catheter was marked with a black ring 1 cm from its tip; when the catheter was moved into the cervix far enough to obscure the ring, the hole in the catheter tip was in the lumen of the uterine body. The guidewire, endoscope and speculum were then withdrawn, and flushing medium was introduced into, and retrieved from, the uterus through the catheter.
Embryo collection and transfer
Rabbits. After catheterization, each uterus of the eight embryo donors was flushed five times ( Fig. la) MO) attached to the end of the cervical collection catheter. The uterus was gently straightened by palpation through the abdominal wall, and the catheter balloon was held and manipulated to facilitate collection of the flushing medium. All flushes were examined microscopically, the embryos were pooled, and they were washed three times with RD medium. The embryos were held in vitro in covered dishes of RD medium at ambient temperature for up to 2 h before transfer, while all flushes were completed. Embryo donors were killed by an i.p. injection of 100 mg pentobarbital sodium kg-1 body weight (Beuthanasia-D®, Schering-Plough Corp., Madison, NJ), and their ovaries were examined for ovulatory response.
The hindquarters of recipients were raised 3 cm during the transfer procedure to facilitate transfer of embryos. The catheter was manipulated forward in the uterus so that embryos were deposited beyond the cervix (Fig. lb,c) The total number of embryos collected from all flushes in all rabbits was 187. (Fig. 4) . The variation in size of embryos shown was typical for most animals.
Discussion
Catheterization of the two cervices in rabbits is difficult unless a system is devised to visualize them. The only report of transcervical catheterization in the rabbit has been provided by Testart (1969) . Details of Testart's procedure were not provided, but it is likely that the method involved laparotomy, as reported by Dauzier (1962) . Testart (1969) transferred day 4 blastocysts to 12 animals. Only eight had implantations on day 11 after transfer, and five of the eight recipients with implantations had uterine infections.
Rabbit cervices are large and their external ora project into the vaginal lumen, making them easy to visualize and differentiate with the endoscope. The external os has a rosette-like appearance resulting from the longitudinal folds of the cervical mucous membrane (Suzuki et ah, 1978 (Boving, 1956; Tsutsumi and Hafez, 1974 
